###### Summary box

What is already known about this subject?
=========================================

-   It is particularly important to identify patients with simple steatosis, in order to prevent progression of non-alcoholic fatty liver disease (NAFLD) to non-alcoholic steatohepatitis and improve their long-term prognosis.

-   Ultrasonography is a very efficient and widely available technique for the detection of fatty liver, which compares favourably to alternative non-invasive techniques.

-   Administration of polyenylphosphatidylcholine (PPC) has been associated with liver-protective effects.

What are the new findings?
==========================

-   PPC administered as adjunctive therapy in patients with NAFLD with metabolic comorbidities improves the ultrasonographic features of NAFLD, particularly with regard to liver echogenicity and structure.

-   The improvement of ultrasonographic findings associated with PPC adjunctive therapy is consistent across different comorbidity subgroups.

How might it impact on clinical practice in the foreseeable future?
===================================================================

-   PPC has a promising role in the complex management of patients with NAFLD and metabolic comorbidities.

-   Patients with difficulties in adhering lifestyle changes might benefit the most from the marked improvement in liver hyperechogenicity resulting from PPC adjunctive therapy.

Introduction {#s1}
============

Non-alcoholic fatty liver disease (NAFLD) is increasingly recognised as a major public health problem affecting 20%--30% of the adult population worldwide.[@R1] According to the latest guidelines established by the American Association for the Study of Liver Diseases (AASLD), NAFLD is defined as the presence of fat (≥5%) in the liver (hepatic steatosis) observed either by imaging or histology, after the exclusion of secondary causes of hepatic fat accumulation, such as significant alcohol consumption, long-term use of a steatogenic medication or monogenic hereditary disorders.[@R2] Clinically, NAFLD encompasses a wide spectrum of histological alterations ranging from simple steatosis to non-alcoholic steatohepatitis (NASH), characterised by inflammation and fibrosis.[@R3] Therefore, NAFLD has been traditionally interpreted as a condition, which may progress to liver-related complications, such as cirrhosis, hepatocellular carcinoma and liver mortality.[@R4] At the same time, it is well known that NAFLD substantially contributes to the risk of fatal cardiovascular events, and may, therefore, exacerbate overall mortality.[@R5] Indeed, according to the Global Burden of Diseases, Injuries and Risk Factors Study, the largest significant increase in disability-adjusted life years from 2007 to 2017 was for liver cancer due to NASH (37.4%; 95% CI 32.8% to 42.9%).[@R7]

NAFLD can be diagnosed by various methods, including clinical, biochemical and imaging tests.[@R8] Due to the differences in diagnostic tools and study populations, the prevalence of NAFLD varies greatly among different populations.[@R10] In Russia, the prevalence of NAFLD in the adult population has been estimated as high as 37%.[@R11]

The gold standard for diagnosing, staging and grading NAFLD is liver biopsy.[@R12] However, the invasiveness of this method, and its associated morbidity and mortality, especially in individuals with non-progressive fatty liver conditions, have led to the emergence of less invasive methods which include serum markers (both direct and indirect markers of fibrosis), medical imaging techniques (CT (CT), MRI (MRI) and ultrasonography), and transient elastography. All of these techniques have the potential to reduce the number of biopsies performed in a high-risk population.[@R13]

Liver ultrasonography is currently the most commonly used technique to assess the presence of fatty liver in clinical settings and population studies.[@R8] It is an attractive diagnostic tool because it is readily available, inexpensive, well tolerated and is already extensively used in the diagnostic workup of patients with NAFLD.[@R14]

In addition to the clinical use of liver ultrasound in treatment decisions and in monitoring therapeutic responses, it has also been found that ultrasound-based grading of the severity of NAFLD is associated with abnormalities in the metabolic profiles of patients.[@R15] Indeed, NAFLD is regarded as the liver manifestation of the metabolic syndrome, which includes hyperlipidaemia, glucose intolerance, obesity and systemic hypertension.[@R6] Thus, NAFLD is a multisystem disease that requires a multidisciplinary treatment approach.[@R18]

Other than lifestyle modifications, a variety of pharmacological agents (eg, statins, thiazolidinediones, metformin and antioxidants such as vitamin E) have been studied in the treatment of NAFLD, with conflicting results.[@R19] This area of drug development is particularly challenging due to the complexity of NAFLD pathophysiology, the difficulties in its diagnosis and therapy monitoring, as well as the heterogeneity of the patient population.[@R20] Hence, any therapeutic intervention that targets fat accumulation in the liver and ameliorates hepatic histology would be of great benefit.[@R19] In terms of influencing steatosis, essential phospholipids (EPLs) are currently considered as one of the most promising therapeutic agents.[@R23] EPLs contain a highly purified extract of polyenylphosphatidylcholine (PPC) molecules from soybean. Because of their membranous, antioxidative and antifibrotic effects, administration of EPL in NAFLD is pathogenetically justified.[@R22] Thus, the concept of using EPL to reduce hepatic steatosis appears a very attractive option for liver protection in patients with NAFLD with metabolic comorbidities.[@R17] Moreover, EPLs were recommended to treat NAFLD in the Russian Guidelines for the Diagnosis and Management of NAFLD.[@R23] Considering these factors, the aim of the present study was to evaluate if PPC administered as adjunctive therapy can effectively improve the ultrasonographic features of NAFLD in routine clinical practice in Russian patients with metabolic comorbidities.

Methods {#s2}
=======

Study population {#s2-1}
----------------

MANPOWER was a 6-month, observational, multicentre, prospective study that was carried out in 174 medical sites across the six major federal districts of the Russian Federation. Patients who met the study eligibility criteria were enrolled by general practitioners and gastroenterologists between 28 September 2015 and 28 September 2016.

Outpatients, aged between 18 and 60 years, with newly diagnosed NAFLD (within 30 days prior to study entry) were included in the study. NAFLD diagnosis was established on the basis of clinical examination and laboratory tests, supported by one of the following diagnostic procedures: ultrasonography, elastography and/or liver biopsy. In addition, eligible patients had at least one of the following concomitant diseases: (1) high blood pressure diagnosed by a cardiologist, (2) type 2 diabetes mellitus (T2DM) diagnosed by an endocrinologist, (3) high serum cholesterol (defined as a total cholesterol level of ≥5.0 mmol/L) and/or (4) overweight/obesity (body mass index (BMI) ≥27 kg/m^2^). Subjects had also been receiving prescribed PPC therapy (Essentiale Forte N which contains 300 mg of EPL) as an adjunctive treatment to standard care. Major exclusion criteria encompassed the presence of other severe acute or chronic conditions (including other liver diseases and cancers), and treatment with other hepatoprotectors, intravenous PPC or other concomitant EPL within 30 days before study entry.

This study was conducted under real-life conditions of daily clinical practice and in accordance with the Declaration of Helsinki, the Good Clinical Practice guidelines and all applicable Russian laws and regulations.

Data collection {#s2-2}
---------------

Individual patient data were collected using paper-based case report forms at three time points: at baseline, 12 and 24 weeks. At baseline, information on the nature and number of metabolic comorbidities, the severity and histological features of NAFLD, patients' previous and current pharmacological treatments, and the prescribed dosage and duration of PPC therapy was collected. The general health examination was performed at the same time. The most recent measurements of biochemical parameters including fasting plasma glucose, blood lipids, hepatic function and urine routine analysis were also obtained. At 12 and 24 weeks of the study, in addition to liver blood test results, ultrasonography findings (if available), current pharmacological treatments, symptoms and reasons for study withdrawal were recorded.

The assessment of liver ultrasound imaging was qualitative; the following four ultrasonographic signs were under assessment: (1) diffuse liver hyperechogenicity, (2) heterogeneous structure of the liver, (3) indistinctness and/or underlined vascular pattern and (4) distal echo signal attenuation. Moreover, the liver was assessed for size, contour, echogenicity, structure, penetration of the ultrasound beam, that is, posterior beam attenuation and portal vessel wall distinction.

Endpoints {#s2-3}
---------

The main endpoint of interest in the present study was to assess the effectiveness of PPC adjunctive therapy in improving ultrasonographic findings in each comorbidity subgroup throughout the 24-week study period. Key secondary endpoint of this study was to evaluate the effectiveness of PPC adjunctive therapy in improving ultrasonographic findings, according to the number of metabolic comorbidities associated with NAFLD. Furthermore, the study aimed to describe the diagnosis of NAFLD based on all available clinical, biochemical and histopathological data.

Statistical analyses {#s2-4}
--------------------

Findings were reported for categorical variables using proportions, while mean, SD, median and IQR were used to describe continuous variables. The population set used for statistical analysis comprised all eligible enrolled patients who provided adequate ultrasonographic data. The Wilcoxon-Mann-Whitney test, the Student's t-test and the analysis of variance test were applied in order to assess the significance of the difference between subgroups in continuous variables. The association between categorical variables was examined by Pearson's χ^2^ test or Fisher's exact two-tailed test, when appropriate. All statistical tests were two sided and were performed at a 0.05 significance level. Statistical analyses were performed using SAS V.9.3 (SAS Institute).

Results {#s3}
=======

Patient characteristics {#s3-1}
-----------------------

Of the 2843 patients with newly diagnosed NAFLD included in the study, 1076 were males and 1767 females with a median age (IQR) of 48.7 years (40.8--55.0) and 51.8 years (45.5--55.9), respectively. Patients were recruited by 174 qualified general practitioners and gastroenterologists, from 18 cities located in 6 different regions of Russia (Northwestern Federal District, Volga Federal District, Southern Federal District, Ural Federal District, Siberian Federal District and Central Federal District). Sixteen subjects (0.56%) dropped out of the study due to logistic issues. Demographic and baseline characteristics of the study population are summarised in [table 1](#T1){ref-type="table"}. The great majority (2434/2843; 85.6%) of study participants were non-smokers, and only 201 patients (7.1%) reported alcohol consumption at least once a week. Results of the lipid and glycaemic profiles revealed that most of the subjects had an elevated total cholesterol level and impaired fasting glucose ([table 1](#T1){ref-type="table"}).

###### 

Demographic and baseline characteristics of the study population (n=2843)

  Baseline characteristic                                  Study population (n=2843)
  -------------------------------------------------------- -------------------------------
  Age---years                                              48.7±8.6 (50.7; 43.6--55.6)
  Male/female---n (%)                                      1076 (37.8)/1767 (62.2)
  Weight---kg                                              91.0±14.1 (90.0; 82.0--99.5)
  Body mass index---kg/m^2^                                32.0±4.6 (31.8; 29.2--34.6)
  Waist circumference---cm                                 98.4±12.4 (98.0; 90.0--105.0)
  Fasting plasma glucose---mmol/L                          5.6±1.4 (5.4; 4.8--6.0)
  Total cholesterol---mmol/L                               6.3±1.2 (6.2; 5.5--7.1)
  Serum triglycerides---mmol/L                             2.1±0.9 (1.9; 1.5--2.6)
  Alanine aminotransferase---U/L                           50.2±33.2 (42.6; 29.0--64.0)
  Aspartate aminotransferase---U/L                         43.6±25.7 (39.0; 27.0--54.3)
  Gamma-glutamyl transferase---U/L                         51.7±37.6 (42.0; 30.0--61.0)
  Ultrasound findings---n (%)                              
   Hepatic steatosis                                       2747 (96.6)
   Hepatomegaly                                            1774 (62.4)
   Increase in portal vein and/or splenic vein diameters   120 (4.2)
   Liver fibrosis                                          71 (2.5)
   Liver cirrhosis                                         0 (0)
  Comorbid condition                                       
  According to the nature of the disease---n (%)\*         
   Overweight/obesity                                      2298 (80.8)
   Elevated cholesterol                                    2122 (74.6)
   Hypertension                                            1642 (57.8)
  Type 2 diabetes mellitus                                 477 (16.8)
  According to the no of diseases---n (%)                  
   1                                                       580 (20.4)
   2                                                       1112 (39.1)
   3                                                       869 (30.6)
   4                                                       282 (9.9)

Values are expressed as mean±SD (median; IQR), unless otherwise specified.

Percentages are calculated as n/N.

\*Patients may have more than one comorbid condition.

A detailed description of the metabolic comorbidities and their treatment patterns among the study participants has already been published elsewhere.[@R25] Briefly, overweight/obesity was the most common comorbid condition in the overall study population (80.8%), followed by hypercholesterolaemia (74.6%) and hypertension (57.8%). The majority of study participants (2263/2843; 79.6%) had at least two metabolic comorbidities associated with NAFLD ([table 1](#T1){ref-type="table"}). Angiotensin-converting enzyme inhibitors were the most commonly prescribed drugs for the treatment of patients with NAFLD with hypertension (administered in 588/1642 (35.8%) patients at baseline). Among patients with T2DM, biguanides were the most prescribed medications, administered in 241/477 (50.5%) patients of this subgroup at baseline. Similar treatment patterns were observed for patients with NAFLD with overweight/obesity and/or with high serum cholesterol at baseline. Overall, 898/2298 (39.1%) and 756/2122 (35.6%) patients with overweight/obesity and with hypercholesterolaemia did not receive any comorbidity-related medications, respectively. Furthermore, statins were prescribed in 698/2122 (32.9%) patients with high serum cholesterol and in 601/2298 (26.2%) patients with overweight/obesity.

Almost all study participants (2837/2843; 99.8%) were prescribed 1.8 g of PPC per os (600 mg administered three times daily).

Diagnosis of NAFLD {#s3-2}
------------------

Several signs of chronic liver disease were detected at baseline clinical examination in 1429/2843 (50.3%) patients. Moreover, percussion revealed an enlargement of the liver in 1813 (63.8%) patients. [Table 1](#T1){ref-type="table"} summarises the results of the liver function tests.

The abnormal clinical and laboratory findings were confirmed by ultrasound examination which was performed for all study participants. The ultrasound findings of NAFLD among study participants are depicted in [table 1](#T1){ref-type="table"}. At baseline, the most frequently identified abnormalities on ultrasound ([figure 1](#F1){ref-type="fig"}) were liver hyperechogenicity (detected in 84.0% of patients) and heterogeneous liver structure (in 62.9%). An indistinct and/or an underlined vascular pattern was identified in 32.9%, and distal echo signal attenuation in 28.2% of patients.

![Abnormal ultrasound (US) findings detected at baseline, and their dynamic improvement at 24 weeks of the study (p\<0.05 compared with baseline).](bmjgast-2019-000341f01){#F1}

In addition to ultrasound examination, elastography and liver biopsy were also performed in 125 (4.4%) and 2 (0.07%) patients, respectively.

Staging of NAFLD showed that simple steatosis was the most frequently seen clinical form of NAFLD, diagnosed in 2128 (74.9%) patients. NASH was detected in 712 out of 2843 patients with NAFLD (25.0%), and only 3 (0.1%) patients suffered from fibrosis. Cirrhosis was not detected in any of the patients.

Changes in ultrasonography findings {#s3-3}
-----------------------------------

Ultrasound examination at baseline detected diffuse liver hyperechogenicity in 86.0% of patients with NAFLD with T2DM (410/477), 84.7% of patients with high serum cholesterol (1798/2122), 84.5% of patients with hypertension (1388/1642) and 83.3% of patients with overweight/obesity (1915/2298). Similarly, a heterogeneous structure of the liver was also identified in 58.3%--64.2% of patients in each comorbidity subgroup. [Figure 2](#F2){ref-type="fig"} illustrates the ultrasonographic features of NAFLD at baseline, according to the nature of the comorbidity.

![Ultrasonography findings at baseline, according to the comorbidity nature (data are expressed as a percentage of N).](bmjgast-2019-000341f02){#F2}

At 24 weeks of the study, a notable improvement in liver echogenicity was detected in 1932/2827 (68.3%) patients (95% CI 66.6% to 70.1%; p\<0.05 compared with baseline) and in 67.7%--68.8% of patients in the four comorbidity subgroups. A similar significant positive change was observed with respect to hepatic structure which improved considerably in 1207/2827 (42.7%) patients (95% CI 40.9% to 44.5%; p\<0.05 compared with baseline) and in 40.6%--43.7% of patients in the comorbidity subgroups. [Table 2](#T2){ref-type="table"} summarises the changes in ultrasound findings throughout the 24-week study period, according to the comorbidity nature. Concerning other ultrasonographic features, liver vascular patterns were improved in 620/2827 (21.9%) patients (95% CI 20.4% to 23.5%); echo signal attenuation in 582/2827 (20.6%) patients (95% CI 19.1% to 22.1%).

###### 

Proportion (%) of patients with improved or unchanged ultrasonographic findings after 24 weeks of PPC treatment, according to comorbidity nature

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Features---%                                        Hypertension (n=1635)   Overweight/obesity\   Type 2 diabetes mellitus (n=475)   High cholesterol\                        
                                                                              (n=2285)                                                 (n=2119)                                 
  --------------------------------------------------- ----------------------- --------------------- ---------------------------------- ------------------- ------ ------ ------ ------
  Diffuse liver hyperechogenicity                     67.7                    32.3                  68.8                               31.2                68.2   31.8   67.8   32.2

  Heterogeneous structure of the liver\*              43.6                    56.4                  43.3                               56.6                40.6   59.3   43.7   56.2

  Indistinctness and/or underlined vascular pattern   24.8                    75.2                  23.1                               76.9                24.8   75.2   24.4   75.6

  Distal echo signal attenuation                      21.7                    78.3                  22.5                               77.5                22.7   77.3   21.5   78.5
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Worsening of 'heterogeneous structure of the liver' occurred in 0.1% of patients in each comorbidity subgroup.

PPC, polyenylphosphatidylcholine.

Considering only patients with ultrasound abnormalities detected at baseline, PPC adjunctive therapy was associated with a pronounced and consistent improvement of each ultrasound feature at both 12 and 24 weeks of the study, with the maximal improvement reported for liver hyperechogenicity in 81.4% of patients at 24 weeks ([figure 1](#F1){ref-type="fig"}). At 12 weeks of the study, statistically significant (p\<0.05 compared with baseline) improvements in liver echogenicity (in 69.6% of patients), liver structure (44.8%), vascular patterns (43.9%) and echo signal attenuation (40.6%) were also observed among patients with liver ultrasound abnormalities detected at baseline.

The analysis of ultrasonographic signs by number of comorbidities revealed similar findings. At baseline, in the subgroups of patients with either one, two, three or four concomitant diseases, diffuse liver hyperechogenicity was reported in 80.4%--89.7% of patients, whereas a heterogeneous structure of the liver was observed in 53.3%--65.7% of study participants. The ultrasonographic findings of NAFLD at baseline according to the number of comorbidities are displayed in [figure 3](#F3){ref-type="fig"}. At 24 weeks of the study, there were marked improvements in liver echogenicity and liver structure in 67.2%--69.3% and in 35.6%--45.3% of patients in the subgroups with either one, two, three or four comorbidities, respectively. Overall, 73.5%--85.4% of patients showed no change in liver vascular patterns and in echo signal attenuation. [Table 3](#T3){ref-type="table"} shows the proportion of patients with improved or unchanged ultrasonographic findings at 24 weeks of the study, according to the number of comorbidities.

![Ultrasonography findings at baseline, according to the number of comorbidities (data are expressed as a percentage of N).](bmjgast-2019-000341f03){#F3}

###### 

Proportion (%) of patients with improved or unchanged ultrasonographic findings after 24 weeks of PPC treatment, according to the number of comorbidities

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Features---%                                        One comorbidity\   Two comorbidities\   Three comorbidities\   Four comorbidities\                        
                                                      (n=570)            (n=1108)             (n=868)                (n=281)                                    
  --------------------------------------------------- ------------------ -------------------- ---------------------- --------------------- ------ ------ ------ ------
  Diffuse liver hyperechogenicity                     69.3               30.7                 68.8                   31.2                  67.2   32.8   69.0   31.0

  Heterogeneous structure of the liver\*              35.6               64.4                 45.3                   54.5                  45.3   54.7   38.8   60.8

  Indistinctness and/or underlined vascular pattern   15.4               84.6                 21.1                   78.9                  26.5   73.5   24.4   75.6

  Distal echo signal attenuation                      14.6               85.4                 20.0                   80.0                  23.8   76.2   25.3   74.7
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Worsening of 'heterogeneous structure of the liver' occurred in 0.2% of patients with two comorbidities and in 0.4% of patients with four comorbidities.

PPC, polyenylphosphatidylcholine.

Discussion {#s4}
==========

The findings of this study suggest that PPC administered as adjunctive therapy in patients with NAFLD with metabolic comorbidities has a favourable effect on the ultrasonographic features of NAFLD, with improvement in diffuse liver hyperechogenicity reported in 81.4% of subjects treated with PPC. The analysis of liver function tests by nature and number of comorbidities also showed that PPC adjunctive therapy is associated with notable improvements in aspartate aminotransferase, alanine aminotransferase and gamma-glutamyl transferase. However, details on liver function test results are described in a separate paper.

Liver ultrasonography is becoming a common imaging modality to assess hepatic structural changes that are related to the metabolic abnormalities affecting the liver. In this study, patients had features of the metabolic syndrome including an unfavourable lipid and glycaemic profile, as well as a high range of BMI at baseline. The pathogenesis of NAFLD and metabolic syndrome seems to have common pathophysiological mechanisms, with insulin resistance being a key factor. In adipose tissue, insulin resistance decreases the inhibitory action of insulin on hormone sensitive lipase, thus enhancing triglyceride (TG) lipolysis and free fatty acid (FFA) release. This results in increased circulating levels of FFAs, which are then taken up by the liver.[@R26] Subsequently, increased hepatocyte FFA content drives hepatic TG synthesis which is also favoured by insulin-mediated upregulation of lipogenic enzymes, such as peroxisome proliferator-activated receptor gamma (PPAR-γ) and sterol regulatory element binding protein 1. The large pool of FFAs activates mitochondrial fatty acid β-oxidation by activation of PPAR-alpha and enhanced carnitine palmitoyltranferase.[@R26] When FFA delivery to the liver or hepatic de novo synthesis exceeds TG export or oxidation, NAFLD may occur.[@R26] NAFLD is also strongly associated with obesity characterised by an excess of intra-abdominal fat, which may be a key determinant in the pathogenesis of NAFLD, because of its strong association with insulin resistance and possibly as a source of FFAs.[@R26] This is in line with the findings of our study in which overweight/obesity was the most common comorbid condition, reported in approximately 81% of the overall study population.

In general, liver echogenicity increases with the severity of NAFLD.[@R12] The high echogenicity of NAFLD is correlated not only with the total lipid content but even more strongly with the histomorphological distribution of fat deposits.[@R28] Thus, NAFLD detection by ultrasonography appears to be very useful for the diagnosis and evaluation of metabolic syndrome.[@R28] Although clinical guidelines still consider liver biopsy as the gold standard for NAFLD diagnosis and evaluation, performing a liver biopsy is invasive and can cause severe complications (eg, pain, hypotension, infection, bleeding and bile leakage).[@R2] Thus, liver biopsy is neither routinely feasible nor cost-effective in the diagnosis and monitoring of NAFLD.[@R15] Even though liver ultrasonography is associated with some limitations (eg, lack of quantification of hepatic TG deposit, highly operator dependent), the potential role of liver ultrasonography in clinical settings and in population research is very important.[@R8] In the current obesity epidemic, the prevalence of NAFLD is likely to increase, making it necessary to use practical tools for measuring the burden of disease and tracking time trends. In the clinical context, the number of patients at risk for NAFLD is also increasing.[@R8] There is thus a pressing need to have readily available, accurate methods to assess the presence of fatty liver, and ultrasound compares favourably to alternative non-invasive techniques.[@R8] In a meta-analysis of 49 studies evaluating the diagnostic accuracy of ultrasonography compared with histology, the overall sensitivity and specificity of ultrasonography for the detection of moderate to severe fatty liver were 84.8% and 93.6%, respectively.[@R8] Liver enzymes, indirect markers of liver injury, have lower sensitivity and specificity than ultrasound.[@R31] Other imaging techniques (ie, CT or MRI) have similar operating characteristics, but are more expensive, and CT involves radiation, and therefore, their widespread usefulness is limited.[@R8] In our study, liver ultrasonography reflected the trend of change in radiographic patterns in every patient, and was beneficial in highlighting the improvement in the pathological findings of NAFLD.

According to the AASLD, the management of NAFLD should consist of treating the liver disease as well as the associated metabolic comorbidities, such as obesity, hyperlipidaemia, insulin resistance and T2DM.[@R2] The significant progress that has been made in previous years in understanding the pathogenesis of NAFLD has led to an increase of medical therapies targeting various aspects of the fat accumulation and injury pathways. However, there is still no 'gold-standard' pharmacological therapy for NAFLD.[@R32] Interestingly, current US guidelines on NAFLD treatment indicate that only patients with biopsy-proven NASH should be treated pharmacologically with either pioglitazone or with high-dose vitamin E.[@R2] However, there have been lingering concerns about the long-term safety of both these agents. Bariatric surgery is another option that can be considered in otherwise obese individuals with NAFLD or NASH.[@R2] Though the metabolic disturbances, as well as the long-term complications of NAFLD, are surmountable through lifestyle interventions (ie, dietary modifications, weight loss and exercise), poor implementation and reduced adherence to lifestyle intervention programmes would ultimately diminish their efficacy.[@R32]

In this connection, it is worth mentioning that even though the pathogenesis of NAFLD has not been fully elucidated (evolving from the 'two-hit theory' to a 'multiple-hit model'), it is fair to say that no steatohepatitis may take place without a pre-existing simple hepatic steatosis.[@R34] Therefore, in real-world clinical practice, it is important to detect patients with simple steatosis, or to put it in other words, patients with increased liver echogenicity at ultrasound examination in order to prevent progression to NASH and improve their long-term prognosis. Among existing therapeutic agents, EPLs have accumulated clear evidence against steatosis. Their positive influence on the grade of liver steatosis was highlighted in several randomised clinical trials based on histology, CT and ultrasound dynamic evaluation.[@R23] Moreover, EPLs have shown, in in vitro and animal investigations, antioxidant, anti-inflammatory and lipid-regulating effects.[@R35] In a preclinical study by Ling *et al,* [@R36] conducted in mice with NAFLD that underwent a 70% partial hepatectomy, a decreased hepatic phosphatidylcholine (PC)-to-phosphatidylethanolamine (PE) ratio was shown to be a major contributor to the pathogenesis of NAFLD. As such, hepatic PC/PE could be used as a predictor of survival following hepatectomy.[@R36] This study also provided evidence that EPL supplementation can improve survival in the posthepatectomy setting by increasing hepatic PC/PE, which decreases inflammation and improves energy utilisation.[@R36] These beneficial properties of EPL support the results of our study which highlighted the effectiveness of EPL in routine clinical practice in patients with NAFLD and concomitant metabolic comorbidities, by notable improvements of ultrasound signs.

One of the first clinical trials to show that EPL lead to improvement in histological steatosis was a randomised, placebo-controlled, double-blind study from Poland by Gonciarz *et al* [@R37] in 29 patients with NAFLD with T2DM. EPLs, given at 600 mg three times per day for 6 months, were associated with a marked histological improvement in 4/15 (26.7%) patients in the EPL group versus 1/14 (7.1%) in the placebo group. In addition, EPLs were significantly effective in reducing liver size (mean measurement of the right liver lobe: 14.6 cm at baseline vs 14.4 cm at 6 months of therapy in the placebo group, as compared with 14.9 cm at baseline vs 14.0 cm at 6 months in the EPL group; p\<0.05), probably as a result of reducing liver fat content.[@R37] Our study results were also in line with other randomised controlled trials. A placebo-controlled, double-blind study[@R38] conducted in 36 Chinese patients with NAFLD with obesity reported about the positive influence of 1.8 g of EPL/day administered for 3 months on total cholesterol (which was decreased by 10%), TG (decreased by 9%) and transaminases (normalised in 87.5% of patients), supported by a significant (p\<0.05) improvement of the fatty liver (as seen from CT).[@R38] In another randomised, open-controlled study[@R39] from China of 68 patients with NAFLD with T2DM (of which 34 received 500 mg of metformin +600 mg of EPL both administered thrice daily vs 34 treated with metformin only for 3 months), ultrasonographic appearance and total effective rate were significantly better (p\<0.05) in the EPL+ metformin arm compared with the metformin only arm (total effective rate: 78.4% vs 54.1%, respectively).[@R39] Likewise, in an open-label, controlled study by Yin and Kong,[@R40] in which 185 patients were treated with standard diet +oral anti-diabetics+physical exercise, and 125 of these were additionally treated with 1.8 g of EPL per day administered for 3 months, the total effective rate, which was reflected by improvements of ultrasound findings and of lipid and liver panels, was 90.2% in EPL-treated patients versus 51.0% in the control group (p\<0.05).[@R40] In a more recent long-term trial from Russia conducted in 215 diabetic patients with NASH who were randomly allocated to either a basic treatment scheme including metformin taken at 1000 mg per day or the basic treatment scheme +1368 mg of PPC per day, ultrasonography performed after 6 months of treatment revealed that hepatic echotexture significantly improved in 101/152 (66.4%) patients in the PPC group (p=0.02).[@R41] Seven years of PPC treatment led to a decrease in ultrasound signs of fatty liver in 93/114 (81.6%) and a more effective control of T2DM in 98/114 (86.0%) patients. Fibrosis progression also appeared significantly slower in those treated with PPC compared with the control group (p=0.03).[@R41]

The findings of this study were also similar to those of real-world studies. In an open-label study by Koga *et al* [@R42] from Japan in which 51 patients with NAFLD (including 39 with NAFLD due to obesity) received 500 mg of EPL given three times per day for 6 months, the continuous, EPL-induced improvement or normalisation of the ultrasonic picture was observed in 51% of patients (p\<0.001 compared with baseline). Bright liver was reduced, and decrement of backward echocardiogram and the obscurity of the intrahepatic venogram were decreased.[@R42] In another open-label, single-centre, 6-month study from India conducted in 28 patients with NAFLD and T2DM, liver ultrasonography revealed that the hepatic echotexture improved after PPC adjunctive therapy (700 mg three times per day) in 12/22 (54.5%) study subjects.[@R43] More recently, in a prospective, multicentre, open-label study[@R17] evaluating EPL (1.8 g per day given for 24 weeks, followed by 0.9 g per day for 48 weeks), in a cohort of 324 patients with NAFLD from the United Arab Emirates, as an adjuvant nutrient to the treatment of primary NAFLD (n=113) or NAFLD with comorbid disease (T2DM in 107 patients and hyperlipidaemia in 104 patients), improvement of ultrasonography findings (complete or partial) occurred in 29.2%, 23.4% and 20.2% of patients with NAFLD only, NAFLD with T2DM, and NAFLD with hyperlipidaemia, respectively.[@R17]

A recent review of 25 clinical studies evaluating EPL in fatty liver disease confirmed that EPL accelerate the improvement or normalisation of ultrasonographic features of NAFLD.[@R22] According to Gundermann *et al*, this is due to the positive effects of phospholipids on membrane composition and functions. The therapeutic activity of EPL in liver diseases is not only attributed to the ability of PPC to be incorporated into damaged sections of cellular membranes, which improves hepatic regeneration and replaces endogenous, less unsaturated hepatic PC molecules, but also to its ability to increase membrane fluidity and functioning.[@R22]

Although several randomised controlled trials and single-arm studies from different countries showed the positive effects of EPL on ultrasonographic as well as histological outcomes, most published studies on EPL in NAFLD have their shortcomings, such as low number of enrolled patients and varying dosages of EPL.[@R22] Thus, further randomised, double-blind trials with a higher number of patients who have comparable histology or imaging status, and understanding the reasons for not responding to PPC therapy could optimise the therapeutic utility of EPL in liver diseases of various origins.[@R22]

Our study had certain limitations. First, we could not assess the accuracy of liver ultrasonography, and we could not use the standard ultrasound-based four-grade scale (ie, normal, intermediate, moderate and severe) in the evaluation of the ultrasonographic features of NAFLD. Second, this study had limitations inherent to its observational nature, mainly patient selection bias and the influence of confounding factors. However, in order to minimise patient selection bias, each physician was requested to enrol a consecutive set of patients (16 patients per physician) that met the study specific eligibility criteria. Additionally, the possible influence of confounding factors on the outcomes of this study has been accounted for in the statistical analyses by use of multivariate analyses. Third, the diagnosis of NAFLD in this study was mainly based on ultrasonography, as liver biopsy and transient elastography were rarely carried out. As previously mentioned, it is not feasible to routinely perform liver biopsy due to risk of complications, sampling errors and its high cost; selection bias towards more active disease, overestimating the incidence of advanced fibrosis, may also exist.[@R5] Likewise, although it would have been valuable if paired transient elastography was more commonly performed, this technique is not yet widely used in Russia, and since this was an observational study, the investigators had no control over the choice of the diagnostic methods used in the study centres. Nevertheless, these limitations were balanced by several key strengths. The study had a very large sample size of participants (n=2843) enrolled from several study centres (n=174) located throughout Russia. Thus, this study makes it possible to generalise the results to the general population of patients with newly diagnosed NAFLD and metabolic comorbidities in the Russian Federation. Additionally, since we had individual patient data, we were able to evaluate the ultrasonographic features of NAFLD in key patient subgroups (eg, according to the nature and number of associated metabolic comorbidities).

In conclusion, this study showed in routine clinical practice that PPC adjunctive therapy may be useful in improving the ultrasonographic features of NAFLD in patients with associated metabolic comorbidities. From a clinical perspective, the most important finding is the improvement in liver hyperechogenicity in more than 81% of patients after 6 months of PPC adjunctive therapy. This is especially relevant in groups of patients who have difficulties maintaining lifestyle changes. This study also adds valuable knowledge to the growing evidence on the role of EPL in the complex management of patients with NAFLD and metabolic comorbidities.
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